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d (54) Title: POROUS FERRO- OR FERRIMAGNETIC GLASS PARTICLES FOR ISOLATING MOLECULES 

(57) Abstract: Porous, ferro- or ferrimagnetic, glass particles are described that selectively bind molecules of interest, especially 
^ nucleic acid molecules, under appropriate conditions. Methods of preparing the porous, fcrro- or ferrimagnetic, glass particles and 
^ their use of identifying or separating molecules of interest are also described. Kits comprising the porous, ferro- or ferrimagnetic, 
^ glass particles are also provided. 
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POROUS FERRO. OR FERRIMAGNETIC GLASS PARTICLES 
FOR ISOLATING MOLECULES 



In recent years, magnetic particles of various con,positions and properties have become 
available to facilitate purification, separation, and assay of various molecules. Magnetic 

parucles or beads that bindamoleculeofinterest can be coUected or retrieved by applying an 
external magnetic field to a vessel containing theparticles. Unbound molecules andsupematant 
hquid can be separated from the particles or discarded, and the molecules bound to the particles 
may be eluted in an enriched state. Ihus. magnetic particles offer the potential for a relatively 
rapKi, easy, and simple means to purify or separate molecules of interest from a liquid phase or a 
nuxture of other molecules. Furthermore, magnetic particles d.at bind specific molecules may 
be mtegrated into robotic, multi-well, or multiplex sample assays or screening systems to rapidly 

aiKlautomaticaUy assay or identify molecules of interest outof hundreds or even thousands of 
^les. Such systems arefi„dingi«:rea^„g,y„«re applications in thepurification or ^^^^^^ 
of biomolecules. such as nucleic acids and protein. Accordingly, a magnetic particle with an 
mcreased capacity to bi«i and isolate molecules, especially biomolecules. of interest would 

serve asavaluable tool inavariety of separation or isolation applications, includit^analytical 
and preparative procedures, as weU as in mechanized systems designed to automaticaUy screen 

a^ys of hundreds oreventiiousands of samples foraparticular molecule or classof molecule 
ofmterest. 



25 



The mvention provides highly porous, ferromagnetic or ferrimagnetic. glass (silica) 
particles diat exhibit high binding capacities for molecules of interest. especiaUy biomolecules 
an4 nu,st preferably, nucleic acid molecles. T„e porous, ferro- or ferrimagnetic. glass particles 
°f««»ventio„ca„bi™imolecuIes.especiallynucleicacidmolecul^ 
co.ectedorretrievedwhilestillretaini„gti,eboundmo.ecu,esbyappI^^^ 
field to a side of a vessel contaimng the mixtute and Ae magnetic particles or by inserting a 
magnetic probe into the vessel. Ihe bound molecules may d.e„ be eluted from the magnetic 
particles m a purer state and in useful amounts owing to tiie high binding capacity of th, 
magnetic particles of the invention for the molecules of interest. 

nieporous. ferro- or ferrimagnetic. glass particles of tiie invention comprise silicon 
dioxide (SiOO and iron oxide particles or pigments. The iron oxide particles or pigments may 
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be, e.g., FeaOa (hematite), Fe304 (magnetite), or a combination thereof. Preferably, the iron 
oxide is fenimagnetic magnetite. 

In another embodiment of the invention, the porous, feiro- or fenimagnetic^ glass 
particles of the invention have a composition that is about 30-50 % (by weight) Fe304 and about 
5 50-70 % (by weiglit) Si02. More preferably, the composition of the porous, magnetic, glass 
particles described herein is about 35-45 % (by weight) Fe304 and about 55-65 % (by weight) 
Si02. 

In yet another embodiment, one or more oxides of other metals or transition metals may 
also be present in the porous, magnetic, glass particles of the invention. Such additional metal 
• 10 oxides may provide additional desirable properties to the porous, magnetic, glass particles. 

Preferably, an additional metal oxide is selected from the group consisting of oxides of titanium, 
boron, sodium, potassium, magnesium, calcium, anc, lead, and combinations thereof. 

The porous, magnetic, glass particles of this invention show fOTo- or ferrimagnetic 
behavior due to the presence of iron oxides or iron bearing pigments. If an external magnetic 

15 field is applied, they are magnetized and remain magnetized (remanence) even when the external 
magentic field is removed, but this remaining magnetism is too weak to agglomerate or 
aggregate the particles. 

Li another aspect of the invention, the porous, magnetic, glass particles described herein 
have an average size range of about 5-25 pm, preferably about 6-15 jim, and, most preferably, 

20 about 7-10 pm in diameter Preferably, die total surface area of the porous, magnetic, glass 
particles of the invention, as measured by the nitrogen Brunaur Emmet Teller (BET) method, is 
190 mVg or greater and, more prefiw^bly, in the range of about 190-270 mVg. Preferably, the 
porous, magnetic, glass particles of the invention have a cumulative pore area for pores greater 
than 10 nm in diameter, as measured by the mercury (Hg)-porosimetry method, that is in the 

25 range of about 4-8 mVg. 

In another aspect of the invention, methods for manufacturing porous, magnetic, glass 
particles with high binding capacities for nucleic acids, or other biomolecules, are provided. A 
preferred manufacturing process of the invention comprises providing a suspension of magnetic 
iron oxide particles or pigments having an average size of 75-300 nm in diameter. More 

30 preferably, 80 % or more, and even more preferably, 90% or more, of the iron oxide particles are 
75-300 nm in diameter. Preferably, the iron oxide particles are suspended in glycerol or glycol, 
and combined with a source of silica (glass), and preferably at a pH in the range of 6 to 8, and 
more preferably pH 7. Silica is then synthesized in the presence of the iron oxide particles by 
hydrolyzing the source of silica with acidic or alkaline buffer so diat the silica precipitates or 

35 adsorbs on the surface of the iron oxide particles. The silica-coated iron oxide particles are 
allowed to aggregate to form larger, porous, magnetic, glass particles. The nascent porous, 
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magnetic, glass particles are then dried using an oven at a temperature below the Curie 

temperature. More preferably, the drying temperature is between about lOOoC and about SOO'C 

such as 200'C or 3(X)-C Even more preferably, the drying temperature is between about 300»^^ 
and about SOO'C. 

5 In another embodiment of the manufacturing methods of the invention, the source of 

srhca is a tetraalkoxysilane. a silyl ester of a multifimctional alcohol, a siMcate. such as sodium 
sihcate, sUica nanoparticles. or combinations thereof. More preferably, die source of silica is a 
tetraalkoxysilane. and most preferably, the tetraalfcoxysilane is tetraethoxysilane. 

In yet another embodiment of the manufacturing process of the invention. ti« source of 
10 s,hca is hydrolyzed in the manufacturing process using a buffer thai has an acidic pH of 5 or 

lower orabuffer that has an alkalinepHofPor higher. Preferably.thehydrolyzingbuffer is an 
ammonia/ammonium salt buffer having a pH of between 9 and 1 1. 

In a preferred embodiment, porous, feno- or feirimagnetic. glass particles of tiie 
invention bind greater than 1 ^tg of nucleic acid molecules per mg of particle, even more 
preferably about 1.3 ^g of nucleic acid molecules per mg of particle, and most preferably greater 
tiian 1.3 \ig of nucleic acid molecules per mg of particle. 

In another embodiment, the yields of nucleic acid molecules isolated using tiie porous, 
ferro- or ferrimagnetic, glass particles of the invention are 80 % or greater. 

Another aspect of the invention is a method for isolating a molecule of interest from a 
20 mixture, comprising: 

providing a mixture contauiing the molecule of interest; 

contacting ti»e mixture witf, porous, fem,- or ferrimagnetic. glass particles of the 
invention; 

allowing the molecule ofinterest in the mixture to bind or adhere to the porous, ferro- or 
25 f«rimagnetic, glass particles; 

collecting the porous, feno- or ferrimagnetic. glass particles containing the adherent 
molecule ofinterest by applying an external magnetic field; and 

separating the porous, ferro- or ferrimagnetic. glass particles witi, the adherent molecule 
of mterest from the unbound components of die mixture. 

Optionally, the bound molecule of interest may be eluted from Uie particles of tfie 
invention by using an appropriate elution buffer. 

In a preferred embodiment of the methods of isolating or separating a molecule of 
mterest from a mixture using the porous, ferro- or ferrimagnetic. glass particles of the invention 
die molecule of interest is selected from Ae group consisting of nucleic acids, proteins 
polypeptides. peptides.carbohydrates, lipids, andcombinationsdiereof. More preferably die 
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molecule of interest is a nucleic acid molecule, which may be any nucleic acid molecule, 
including plasmid DNA, genomic DNA, cDNA, polymerase chain reaction-generated DNA 
(PGR DNA), linear DNA, RNA, ribozymes, aptamers, and chemically synthesized nucleic acid 
molecules. 

5 In another embodiment, the invention provides kits for isolating or separating molecules 

of intent, preferably nucleic acid molecules of interest, con^rising porous, ferro- or 
ferrimagnetic, glass particles of the invention. A kit of the invention may further conq)rise one 
or more buffers or concentrated stock solutions for suspending and using the porous, magnetic, 
glass particles of the invention. A buffer in a kit of the invention may also contain one or more 
10 chaotropic agents, such as guanidinium isodiiocyanate. 

The porous, ferro- or ferrimagnetic, glass (silica) particles described herein have a 
relatively high binding capacity for various molecules, and especially nucleic acids, such that the 
particles are useful in isolating or separating molecules from a mixture in useful yields. The 
15 particles may be used in both analytical as well as preparative scale procedures. Particles having 
a particular porosity, binding capacity, and binding specificity are obtained by selectively 
changing various synthetic reaction parameters according to the invention. 

In order that the invention may be more fully understood, the following terms are 

defined. 

20 "Pore", as understood and used herein, refers to any inlet, depression, or recess in the 

outer surface of a particle in which the depth of the depression or recess extends beyond the 
length of the radius of the inlet, depression, or recess measured at the surface of the particle. 
Lfilets, depressions, or recesses that do not extend deeper dian the radius at the outer surface of 
the particle are not pores. 
25 '*Micn)pore", as understood and used herein, refers to any pore that has an average 

diameter of less than 2 nm. 

"Mesopore", as understood and used herein, refers to any pore that has an average 
diameter in the range of 2 nm - 200 nm, 

"Macropore", as understood and used herein, refers to any port that has an average 
30 diameter of greater than 200 nm. 

'T)iaineter of a pore", as understood and used herein, refers to the diameter of the pore at 
the narrowest point of the respective pore. 

"Size of a particle", as understood and used herein, refers to the diameter of a particle. 
For a spherical particle, the size corresponds to its diameter. More generally, the size of 
35 regularly or irregularly shaped particles refers to die projected area of the diametw of the 
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P-dcle. expressed by the diameterof a circle with the same area as that of the particle resting in 
a stable position. 

"Cumulative pore area", as undemood and used herein, refers to the calculated total 
pore area of pore walls, for pores having a certain diameter (size). 
5 -Surface area", as understood and used herein, refei. to the surface area of a porous 

particle, which is equal to die sum of its inner and outer surface areas. 

-Outer surface" of aparticle. as understood and used herein, refers to each and every 

point ofaparticlefromwhichaline that is perpendicular tothatpoint is able toextendoutw^ 
withoutmtersecting anotherportion of the particle. 

10 "Imier surface", of a porous particle, as undenrtood and used herein, refers to the surface 

that onginates from the pore walls. 

"Pammagnetic- substances, as understood and used herein, exhibit a weak nmgnetic 
property only in the presence of an applied magnetic field. In the absence of an appUed 
magnetic field, the spin and orbital moments are unaHgned; pointing randomly to cancel each 
other out. However, in the presence of an externally applied magnetic field, spin a«l orbital 
moments tend to turn towa^l die direcdon of the field. However, thermal agitation of atoms of 
paramagnetic substances opposes the tendency for aU the magnetic moments to align. TTie result 
« only partialalignment of die moments in the direction of the apphed magnetic field. As long 
as the magnetic field is applied, the substance will exhibit a net. but relatively weak, magnetic 
field. When the external magnetic field is removed, the partial alignment deteriomtes. and no 
magnetic field survives in the substance. 

L"*P*^8°^«c«>bstances.''superparamagnetic-substances.asunder3t«^ 

herem. also exhibit an induced and temporary magnetic field in thepresence of an externally 
applied magnetic field. In truly superparamagnetic substances, the magnetic moments of 

uidividual atoms ofthesubstanceareable to align and addup to formamuchst„,ngerind«:ed 
magnetism than is possible in a paramagnetic substance (see. for example. Bean and 
Livingstone. / Appl. Physics. 30: 120S-129S (1959)). Ihus. the induced magnetic field of 
superparamagnetic substances is significantly stronger (by seveml orders of magnitiide) Uian the 
fields generated in substances classically defined as "paramagnetic". Iron oxide crystals of less 
*»2"'300angstroms(30nm) in diameters 

"Fenomagnetic" substances. e.g.. hematite (Fe,03). Y.^, Ni. Co. as understood and 
used herem. are substances that are capable of exhibiting a magnetic field even in the absence of 
an appliedmagnetic field, m ferromagnetic substances, regions or domains of the substance are 
capableof aligningmagnetic moments in die same direction resultingin a magnetic field. If an 
external magnetic field is appUed to a fenomagnetic substance, the various domains of the 

5 
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substance can become aligned in the same direction to yield a very strong magnetic field in the 
ferromagnetic substance. Even if the external magnetic field is removed, the domains of the 
ferromagnetic substance tend to remain aligned in the same direction and so the substance as a 
whole retains a strong magnetic field, essentially unperturbed by any innate thermal agitation. 
5 However, by heating a ferromagnetic substance to a sufficiently high ten^)erature, tfiennal 
energy can exceed the magnetization energy so that the alignment of magnetic moments 
deteriorates and becomes randont At such temperatures, the substance is capable of exhibiting a 
paramagnetic behavior in the presence of an exogenously applied magnetic field. The 
temperature at which a ferromagnetic substance becomes paramagnetic is known as the "Curie 

10 * tenq)erature" or "Curie point". 

"Ferrimagnetic" substances, as understood and used herein, exhibit a magnetic field that 
is retained (remanence) after being exposed to an externally applied magnetic field, similar to 
ferromagnetic substances. Ferrimagnetism is the magnetic property that is only found in ferrites, 
which are mixed oxides (M^''0)(Fe203), where one cation is a divalent ion (M^*) fix)m the group 

15 of transition metals, e.g., Fe^"^, Mn^^ Zn^^ Co^^ etc., and the trivalent cation is Fe^, e.g., 

magnetite (Fe304). The crystal structure of ferrites consists of two interlocking crystals. When 
the spins of the atoms of one lattice position are aligned in a particular orientation and the spins 
of atoms in another position are aligned in an opposite orientation, a magnetic field will be 
retained (remanence). Thus, fenimagnetic substances are crystalline fwric oxide compounds, 

20 which resemble ferromagnetic substances in their ability to r^ain a magnetic field in the absence 
of an externally applied magnetic field. 

The porous, magnetic, silica particles of this invention show ferro- or ferrimagnetic 
behavior and remain magnetized even in the absence of an external magnetic field, but this 
remaining magnetism is too weak to agglomerate or aggregate the particles. 

25 Unless noted otherwise, the terms "silica", "silica glass"; and "glass", as understood and 

used herein, refer to an amorphous, crystalline form of Si02 that covers all or a portion of the 
iron oxide particles or pigments that are used to make the porous, ferro- or ferrimagnetic, glass 
particles of this invention. 

The porous, ferro- or ferrimagnetic, glass particles of the invention are useful for 

30 isolating or separating nucleic acid molecules from any mixture or sample. A "mixture" or 
"sample", as understood and used herein, includes any mixture or preparation that contains a 
molecule of interest, whether the mixture is man-made or derived from a natural or biological 
source, such as cells, tissues, or viruses. A mixture or sample may be complex, e.g., containing 
many components in addition to a molecule of interest, or relatively simple, such as an aqueous 

35 solution of a molecule of interest. A mixture includes, but is not limited to, any of the various in 
vitro reaction mixtures used to manipulate or synthesize nucleic acids or that contain nucleic 
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diameter. The high porosity of the porous, magnetic, glass particles of the invention is also 
appreciated by the fact that the cumulative pore area of the particles as determined by standard 
mercury porosimetry for pores greater than 10 nm in diameter is typically greater than 4 mVg 
and, pieferably, in the range of about 4 to 8 mVg. 
5 The iron oxide particles or pigments constitute the basic magnetic nuclei of the porous, 

magnetic, glass particles of the invention. As silica is deposited or precipitated on to the iron 
oxide particles during the manufacturing process, the iron oxide particles begin to aggregate to 
form the larger, porous, magnetic, glass particles of the invention which, as noted above, have 
large surface areas. Unless already available in the preferred average size range of about 75 to 

10 300 nm in diameter, the iron oxide particles or (Agments may have to be reduced to the preferred 
size prior to carrying out the manufacturing process. The iron oxide particles or pigments may 
be processed to the preferred average range of sizes of about 75 nm to about 300 nm in diameter 
using any of a variety of methods known in the art. For example, the iron oxide particles or 
pigments may be ground down to an appropriate size using a ball mill, such as a PM 400 

15 planetary ball mill (Retsch, Haan, Germany). More preferably, the iron oxide particles are 
ground by rapid stirring, for example, by using a commercially available stirrer for laboratory 
use. The iron oxide particles or pigments should be suspended in an aliphatic Cp Q- alcohol, 
more preferably, an aliphatic Ci-Cr alcohol, such as isopropanol, ethanol, glycol, or glycerol. 
Preferably, glycerol is used because its hi^er viscosity allows preparation of smaller iron oxide 

20 particles. Most preferably, the iron oxide particles are ground to the average size range of about 
75 nm to about 300 nm by rapid stirring in a solution of glycerol (e.g., 43 % glycerol). 

The silica con^nent of the porous, magnetic, glass particles described herein is 
generated during the manufacturing procedure from a tetraalkoxysilane, preferably having the 
formula Si(OCJH[2B+ 1)4, where n is an integer of 1 - 5. This silica synthesis step may also use 

25 silyl esters of multifunctional alcohols, such as glycerol and glycol. In anotiier embodiment of 
the invention, the silica source may be a silicate, more preferably, a sodium silicate or silica 
nanoparticles. Alternatively, the source of silica may be a combination of at least one 
tetraalkoxysilane and at least one sUyl ester of a multifunctional alcohol. Most prrferably, the 
source of silica for the porous, magnetic, glass particles of this invention is tetraethoxysilane. 

30 In a preferred embodiment of the manufacturing procedure, tetraalkoxysilane is added to 

a suspension of ferro- or ferrimagnetic iron oxide particles, as a solution of tetraethoxysilane (30 
%) in an aliphatic CrCe alcohol, more preferably an aliphatic Ci-Q alcohol, (70 %) at a pH 
betwewi 6 and 8, more preferably pH 7. 

During the process of manufacturing the porous, magnetic, glass particles of the 

35 invention, tetraalkoxysilane, silyl ester of a multifunctional alcohol, or a combination thereof, is 
hydrolyzed to release silica by changing the pH of the reaction mixture to an acidic pH, e.g., pH 
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6 and lower, or to an alkaline pH. e.g.. pH 9 and higher. Acidic buffers that may be used to 
hydrolyze a tetraalkoxysilane include, but are not limited to. acetate buffers that have a pH of 5. 
AlkaUne buffer that my be used to hydrolyze the tetraalkoxysilane in the methods of the 
invention, include but are not limited to ammonia/ammonium salt buffers (for example. 
ainmonia/ammoniumchloridebuffer)thathaveapHintherangeof9toll. Preferably silicais 
synthesized using an alkaline buffer to hydrolyze the tetraalkoxysUane to release sUica. Mor^ 

preferably.the silica is synthesized using an ammonia/ammonium salt buffer atapH of between 



9-11. 
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In an other embodiment of the process of manufecturing the porous, magnetic, glass 
10 particles of the invention, a silicate or silica nanoparticles are hydrolyzed to release sUica by 
changing the pH of the reaction mixture to an acidic pH, e.g.. pH 6 and lower. More preferably, 
the silica is synthesized using acetic acid. 

The silica released upon hydrolysis of the tetraalkoxysilane or other source of silica 
precipitates, deposits, or adsorbs on the surface of the iron oxide particles or pigments, which 
then aggregate to form the larger, porous, magnetic, glass particles of the invention. 

To cany out the siUca synthesis step, the iron oxide particles or pigments may be mixed 
first witi, the source of sUica and then the hydrolysis buffer of acidic or alkaline pH added, or the 
iron oxide particles may be mixed first with the hydrolysis buffer and the silica source added 
tiiereafter. However, the preferred procedure is to first mix the iron oxide particles with the 
siUca source, and. thereafter, add tire hydrolyzing buffer. In addition, the silica synthesis step is 
preferably canied out in a final reaction solution that is viscous enough to promote die 
production of small sUica particles, which are able to more eTKnendy deposit or precipitate over 
tiiesurfeceofflreiron oxide particles. In a preferred embodiment, ammonia/ammonium 
chloride buffer (5 M. pH 10.5) is added dropwise to in,n oxide particles, that are dispersed in a 
solution of glycerol (43 %). ed«nol (43 %), and tetraetiroxysilane. over a time period often (10) 
minutes while stirring the mixture at 2000 rpm. Adding tire buffer over a period of time shorter 
than 10 minutes tends to produce unmagnetic particles, whereas adding the buffer over a longer 
time period tends to produce particles with a reduced poK«ity flrat a« too compact and less Uran 
optimal for isolating or separating nucleic acid molecules fiom a sample. Stirring at lower 
speeds, such as 500 rpm. during silica synthesis results in pon>us. magnetic, glass particles that 
have lower binding capacities for nucleic acids. 

As silica is syntiiesized by hydrolysis of tetraalkoxysilane or other silyl ester 
compound, it precipitates or adsorbs on die surface of die iron oxide particles. The sUica 
containing iron oxide particles wiU then aggregate to form larger, porous, magnetic, glass (silica) 
particles. It is recommended tiiat tiie newly formed particles be allowed to further incubate 
("age") so tiiat tiiey may solidify or stabUize. An effective aging step may involve simply 

9 
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allowing the newly formed particles to continue to incubate in the silica synthesis niixture with 
stirring for an additional 8 to 24 hours. 

The stabilized, newly formed particles are separated ftom the reaction mixture by 
filtration and then washed with a solvent solution, usually an alcohol solution. The wash 
S solution may contain other solvents and agents in addition to or in place of alcohol, including 
acetone and/or a chaotropic agent(s). In gooeral, however, an anhydrous alcohol, especially 
absolute etfaanol, alone is prefmed for washing the newly formed particles. An anhydrous 
alcohol, such as absolute ethanol, is highly effective at preventing agglomeration of newly 
formed particles and in producing particles that have or retain a high binding capacity for nucleic 
10 acid molecules. 

After filtration and washing, the newly formed porous, magnetic, glass particles can be 
dried Optimal drying temperatures are always below the Curie ten^)erature and may be as low 
as about 100*'C or as high as about 500^C. Preferably, the temiperature is in the range of about 
SOO^'C to 500**C, such as 200'*C. More preferably, optimal results are obtained by drying the 

15 newly formed particles at about 300''C in a circulatuig air, drying oven. The preferred average 
size of the final porous, magnetic, glass particles is about 5 to 25 jim, more preferably about 6 to 
15 |im, and most preferably, about 7 to 10 \xm in diameter. The dried particles may be stored in 
an enclosed vessel at room ten^rature for months without showing signs of aging, i.e., 
deterioration of any properties of the particles. 

20 Another method of making the farro- or ferrimagnetic particles according to the 

invention comprises the steps of providing a suspension of ferro- or ferrimagnetic iron oxide 
particles in alcohol, preferably ethanol, adding silica nanoparticles to the suspension of the ferro- 
or ferrimagnetic iron oxide particles at a pH low^ than 6, aging the mixture by continuous 
stirring, 

25 separating, e.g., magnetically, the resulting porous, ferro- or ferrimagnetic, glass particles from 
the liquid, washing the separated porous, ferro- or ferrimagnetic, glass particles, and drying the 
pc»t>us, ferro- or ferrimagnetic, glass particles at a temperature at about 200**C. 

The following guidelines are recommended to produce highly porous, magnetic, glass 
particles that exhibit hig^ binding capacities for nucleic acid molecules. Pteferably, the iron 

30 oxide particles or pigments used in the synthesis of the porous, magnetic, glass particles of the 
invention are ferrimagnetic magnetite (Pe^O^) particles. The iron oxide particles or pigments 
should have an average size in the range of 75 nm to 300 nm in diameter. It may be necessary to 
reduce the size of the iron oxide particles or pigments to this reconunended size range by 
grinding. Although ball milling may be used to grind the iron oxide particles or pigments down 

35 to the reconunended size range, the grinding step preferably is carried out by rapid stirring, such 
as at 2000 rpm, and in a viscoxis solution, such as a glycerol solution. Silica is synthesized by 
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hydrolysis of a tetraalkoxysilane. sUyi ester, or silicate, or by precipitation of silica nanoparticles 
using an acidic or alkaline buffer. Tetraethoxysilane is the preferred source of silica for 
synthesizing the particles of the invention. The silica synthesis should be carried out in a viscous 
solution, for example, a solution containing glyceiol, to promote synthesis of small silica 
particles, which are able to more efiicienUy cover or precipitate on the surface of the iron oxide 
particles or pigments. Preferably, the hydrolysis buffer is added to the iron oxide particles 
suspended in a viscous tetraalkoxysilane or silyl ester compound mixture. Rirthennore. the 
source of silica, especially if the source is tetraethoxysilane. should be added over aperiod often 
(10) minutes. Anhydrous alcohol. especiaUy absolute ethanol. is the preferred solvent for 
washing the newly formed porous, magnetic, glass particles. The newly formed, poious. 
magnetic, glass particles should be aged to allow them to staWUze. Fmally. the newly formed 
particles should be dried at relatively high temperatures, but below the Curie temperature, in an 

ovenbetween 100°C and 500»C. preferably between 300°C and 500»C. and even more 
preferably at 300 "C. 

Porous, feno- or ferrimagnetic, glass particles of the invention may also be provided in a 
kit for separating, detecting, or isolating any of variety of molecules of intei^t in a mixture 
inchiding. but not Umited to. nucleic acids, proteins, polypeptides, peptides, cariwhydrates, 
lipids, and combinations thereof. Preferably. Ae kits of the invention comprise poious, fem>- or 
ferrimagnetic. glass particles described herein for separating, detecting, or isolating nucleic acid 
molecules of interest or molecules containing nucleotides in a mixture. The kits of the invention 
may also include one or more buffera that are useful for suspending the porous, magnetic, glass 

particles and/or for later steps in the isolation or purification procedure for the nucleic acid or 
other molecule of interest. One or more buffers that may be included in the kits of the invention 
may contain one or more chaotropic agents or substances. According to this invention, preferred 
chaotropic agents include, without limitation, salts from tiie group of trichloroacetates, 
thiocyanates (including guanidinium (or "guanidine") isotiiiocyanate), peichlorates (sJch as 
sodium perchlorate), iodides (such as sodium iodide, potassmm iodide), guanidinimn 
hydrochloride, and urea. The chaotropic agents are preferably used in a range of 1 to 8 M 
aqueous solution, more preferably in a range of 2 to 5 M aqueous sohition, and most preferably 
in a range of 2 to 4 M aqueous solution. Most preferably, tiie chaotropic agent in a buffer of a 
kit of the invention is guanidinium isothiocyanate. 
IJse in Isolating Nucleic Ac ids and Other Biomoleciilpj! 

The porous, magnetic, glass particles described herein have a high capacity to bind 
nucleic acids, thereby making tiie particles of diis invention especially useftil for isolating or 
separating nucleic acid molecules from various samples and mixtures. The particles may also be 
used to isolate or separate other molecules including, but not limited to. carbohydrates. 
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polypeptides, pq)tide5, lipids, and even combinations of such molecules, such as glycoproteins 
and nucleic acid/protein combinations or assemblies. The selective isolation or separation of 
one molecule over another may be achieved by adjusting the buffer conditions at which a 
molecule of interest binds or elutes from the porous, magnetic, glass particles described herein. 
5 The magnetic property of the porous, magnetic, glass particles of the invention permits the 
particles to be easily and r^idly collected from a sample or nuxture by applying an external 
magnetic field using any of a variety of magnetic collection systems available in the art. 

For example, the porous, magnetic, glass particles of the invention may be used to 
isolate or sq>arate any of a variety of nucleic acid molecules including, but not limited to, 

10 cDNA, PGR reaction products, plasmids, genomic nucleic acids, nucleic acid primers, various 
species of RNA, ribozymes, aptamers, nucleic acid molecules containing synthetically produced 
nucleotides, chemicaUy synthesized nucleic acids, nucleic acid-protein complexes, hybridized 
nucleic acid molecules, nucleic acid molecules in in vitro transcription and/or translation assays, 
and immunoassays, such as ELISA or radioimmune assays, where such procedures contain a 

15 nucleic acid component. Synthetically produced nucleotides include nucleotides that have 
constituent moieties, i.e., sugar, nitrogenous heterocyclic base (purine or pyrimidine), and 
phosphate backbone, that are found in nature as well as nucleotide compounds that have a 
constituent moiety that has been modified or substituted with a group not found in nature. For 
example, the particles of the invention may be used to isolate a nucleic acid molecule that 

20 contains a synthetic nucleotide in which a thiol group replaces one or more phosphate groups, a 
modified purine or pyrimidine replaces a naturally occurring purine or pyrimidine, or a different 
molecule replaces the ribose or 2-deoxyribose sugar moiety. The particles described herein also 
may be used to effectively stop a reaction that depends on the presence of a nucleic acid 
molecule by binding and separating the nucleic acid from the reaction. In addition, the particles 

25 described herein may be used to collect or scavenge valuable or hazardous nucleic acid 
molecules, for example, as may be the case in forensic samples, archeological samples, 
accidental spills, and breaches in containment vessels. 

The porous, magnetic, glass particles of the invention may be used to preferentially 
separate a particular class or size of nucleic acid molecules from other nucleic acid molecules by 

30 adjusting steps in the isolation procedure (see, below, Examples 6 and 7). Basic protocols for 
binding nucleic acids to magnetic particles have been described (see, e.g., PCT publication No. 
WO 95/01359, incorporated herein by reference). For example, nucleic acids may be isolated 
with the porous, magnetic, glass particles of the invention in the presence of salts in high 
concentrations that promote binding of the nucleic acid to the particles. Preferably, one or more 

35 chaotropic agents (as described above) is also present, such as sodium perchlorate, guanidinium 
hydrochloride, guanidinium isothiocyanate, potassium iodide, potassium thiocyanate, sodium 
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Chk,™,.. sodium «,4i«y»a,en»^.k,ori<leor,c<,toi,^i<fc. hfaep,^ ^ 

a™o.„,,„80*,™«vo,,„a,a,»^addod.d,e»,„«o.^ 
Especially prefeired is Ihease of isoprapanol. 

UK co«™.»to» of «*s a,«to,alcohols b. adjured so *„ ..ckic acid 
"<.«.te«b«„,ds.,«iv.,„„d,.™^^,^ «»*«no,ci.ispossib,.„sopa,a» 
10 »-'™™*ofdi,ft,«,c.^ft,„^^„^^^^^^^^^^^ J^^^^^ 

.5 or adso^ T"^ ""'"'"-"^ ««>^ o,io««s. a,. ,»„od 

or*„*cdca„bc.«cvodo,s.pa.a,cd,te„a™.o.„„«^.dca,„. F.r„a»,K«« 

mw«,c field, ami ■!» c„„k„,s no, bo»d ,o d,. particles ca» U,e„ b. .e^ved. e.g by 
P»«2*de™«»6ors»do»rdna.^^^ 

^ Jhe bo™,d ™o,e.c acKl n^lecules ™y be sepa^ed f„™ ,he anboand co„^« ,f a 

l.y,™«„i.g a .nagne. d,e „i,,.„ „ oollec, d» particles con«^^^ 

»»cle„:ac.d™olec.fes,Wertn8d„pa,«d„o.d,en»g„e.,oa.ote vessel, and, if desired 
^«r««.in,o.d»pa,,ic,es,^.e.„^^,^^^_^^^^ 

Stopped ofthe collected particles. 

5 bv„ ,**"*''"'^'''*'*°'^''«'°''^'»»^'ta»'"l»^des.,f^^ 
by„ash„gs.ps.„bso,v..,sa.ds.b«,«„„«^^^ n,^^^^^' 

»n».n alcohols. o,h.,l,,gbl,™W,oo,ga.icsoh,e.«s«h as ««»«.,.de« 0.00, J 

chaotropic agents. 

^"'-PP'-oP-teforlWtherutaizationoftheseparatednucldcacidm^^^^ 
nucI«caadnK>Iecu,esn.ybeelutedwitha„e^ 

elut.o„^ffern«y contain. e.g..deio„iz«.water.aqueousso,^^^^^^^ 

Tn.[hyd„,xy™ethyi Januno n^thane (Tris) buffer, and/or eAyIe„edia™inetetraaceta.c (EI^A). 
the d ^"""r"'''*' 

theadvantages .hereof can abobeob.ainedfn>n..hefo,lowi„g„o.,in,«^^ 



13 



wo 01/71732 




PCT/EPOl/03294 



EXAMPLES 

Example 1. Synthesis I: Synthesis of porous, magnetic, glass particles using alkaline hydrolysis 
of tetraethoxvsilane 

Iron (n, ni) oxide particles (Aldrich, Steinheim, Germany, catalog No. 31,006-9) were 
S placed in a ball mill, such as a PM 400 planetary ball mill (Retsch, Haan, Germany), and 
suspended in SO ml of isopropanol or ethanol. The mill jar was loaded with 3 mm diameter 
yttrium oxide balls, and the mill was run for 3 hours at maximum intensity. The milled particles 
were removed, the yttrium oxide particles separated according to manufacturer's procedure, and 
4 g of milled iron oxide particles were transferred to a 500 ml Erlenmeyer flask fitted with a 

10 reflux condenser and a sextet (Merck GmbH; Koein, Germany; catalog No. 9. 197215). 150 ml 
of absolute ethanol and 45 ml of 5 M ammonia/ammonium chloride buffer (pH 1 1) were added 
to the milled particles in the flask and mixed by stirring at 500 rpm. 100 ml of a 
tetraethoxysilane solution (30 ml tetraethoxysilane: 70 ml ethanol) were added dropwise with a 
peristaltic pump over a period of three hours at room temperature, and the reaction mixture 

15 allowed to incubate (age) for another 24 hours with continual stirring. The mixture was then 
suction-filtered through a porosity 3 glass frit to collect the resulting particles. The collected 
particles were washed twice with 100 ml deionized water, twice with 100 ml absolute ethanol, 
and twice more with deionized water. The particles were then dried at 120°C in a circulating air 
drying oven. 

20 Example 2. Synthesis II: Synthesis of porous, magnetic, glass particles using acid hydrolysis of 
tetraethoxysilane 

Ten grams of Magnetic Pigment 345 (BASF, Ludwigshafen, Germany) were placed in a 
plastic vessel and mixed with 100 ml absolute ethanol. A homogenizer stirrer (Welabo, 
Duesseldorf, Gmnany; catalog No. 33361 1312) was introduced into the plastic vessel, and the 

25 mixture was stirred at about 1000 rpm for 3 hours, while the plastic vessel was kept cool with an 
ice bath. The mixed suspension and a 100 ml ethanol rinse of the plastic vessel were transferred 
to a 2 liter three-neck flask, and an additional 200 ml of ethanol are added. 100 ml of a 2 M 
acetic acid/acetate buffer (pH 4.0) were then added to the flask. The mixture was stirred at 1000 
rpm while 100 ml of a tetraethoxysilane solution (50 ml tetraethoxysilane:50 ml ethanol) were 

30 added dropwise with a dropping funnel over a period of 10 minutes. The mixture was allowed 
to age overnight (approximately 8-12 hours) with continual stirring, and then filtered by suction 
through a porosity 3 glass frit to collect the resulting particles. The resulting particles were 
washed twice with 100 ml of deionized water, twice with 100 ml absolute ethanol, and twice 
again with 100 ml of deionized water. The particles were dried for 8 hours at 120®C in a 

35 circulating air dry oven. The resulting particles had a mean diameter of 10 jint 
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Exampi, 3. Svofhe.is HT: Synrhesis of romu.. n..^...v ^,..-^1^. fron, r«.^^.. 
sodium silicate 

Ten granu of Mapetic Pigment 345 (BASF. Ludwigshafen. Gemany) were suspended 
•n >00 -rfpararm oil inaplastic vessel and stiaedwithahomogenizingstiner at 1000 rpm for 
' 3 hours while the plastic vessel is kept cool with an ice bath. Then. 100 ml of paraffin oil were 
added to the plastic vessel, and the mixture was stirred again until homogenous. mixture 
was transferred to a 2 liter three-necked. An additional 200 ml of paraffin oU were added, then 
200 ml of 1-hexanol (Hnka. catalog No. 52840). and 60 ml of an aquaeous sodium siUcate 
solution (27 % SiO, in water. Fluka. catalog No. 71957). The mixture was then stirred at 2000 
rpm, whrle 60 ml of concentrated acetic acid was added dropwise over a period of 5 minutes 
The mixture was then stirred for an additional 60 minutes. Then the mixture containing the 
newly formed particles was poured into centrifagation tubes, and the tubes centiifiiged for 1 
hour at 4000 rpm to collect the particles. n.e supernatant liquid is decanted, and the particles 
are suspended in a methanol solution (50 %). Th, suspension of particles was suction filtered 
through a porosity 3 glass frit. The collected particles are then washed twice with 100 ml of 
absolute ethanol and then twice with 100 ml of deionized water. TT.e particles were then dded 
in a circulating air drying oven at 200''C. Tk. resultii^ porous, magnetic, glass particles had a 
mean diameter of 25 jim. 

&caiqp|e4. Synthesis IV: Synthesis of poron.. f..rrin,. f»,..;. ..-.i-, p-,^,,^, 

In a 500 ml plastic vessel. 200 ml anhydrous glycerol was added, and the vessel adjusted 
under a stirrer. 24 g magnetite (Bayoxide 8713 H, manufactured by Bayer AG, Leverkusen 
Germany) was added slowly to the glycerol wift slow stirring, and stirring was continued for 
two hours at 2.000 rpm to destroy agglomerations. Then. Ae stirring speed was reduced and 250 
ml glycerol was added to the suspension. After five minutes, the reaction mixture was 
transferred to a 4 Uter flask with stirrer (see. Example 1) and dropping funnel. 450 ml glycerol. 
900 ml ethanol, and 120 ml tetraethoxysUane were added, and the stirring speed adjusted to 
2,000rpm. Withm tenminutes, 300mlof aVMammoniumchloridebuffer.pH 105 were 
added, and the stirring speed was maintained for twelve hours. TTien. die reaction mixture was 
filtered, washed two times with demineralized water and two times with ethanol and dried for 
seven hours at 300°C. The particles had a particle size of 5 to 10 urn. 

S2campie5^ynthesis V: Synthesis of pon.,. m.fa,etic. ..... n,....., f ^..^^ 

silica nanop articles 

Ten grams of Magnetic Pigment 345 (BASF. Ludwigshafen. Germany) and 100 ml of 
absolute ed«nol were placed in a plastic vessel and stirred with a homogenizing stirrer for 2 
hours at 1000 rpm. An additional 100 ml of etiianol were added, and the mixture stirred for 5 
nunutesmore. The contents oftiie vessel were transf«red to a 1 liter three-necked flask. 30 ml 
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of LUDOX AS40 (Aldrich, Ddsaihofem, Gennany . catalog No. 42,084-0) and 400 ml of 
deionized water were also added to the flask. The mixture in the flask was stirred at 1000 rpm 
for 5 minutes. Then SO ml of concentrated acetic acid were added dropwise over a period of 5 
minutes with continual stirring. The mixture was stirred for an additional 30 minutes at 1000 
5 rpm and then at 500 rpm for a further 60 minutes. The mixture containing newly f<»ined 

particles was suction filtered through a porosity 3 glass frit to collect the particles. The collected 
particles were washed twice with 100 ml of deionized water, twice with 100 ml of absohite 
ethanol, and twice more with 100 ml of deionized water. The suction was continued until the 
washed particles were dry. The particles were further dried for 7 hours at 200°C in a circulating 
10 air drying oven. The porous, magnetic, glass particles produced by this procedure had an 
average diameter of 25 fim. 

Example 6. Use of porous, magnetic, glass particles to purify plasmid DNA from smaller 
nucleic acid molecules 

This example con^ares the ability of three different magnetic particles to purify a 

15 plasmid DNA molecule from a mixture of shorter DNA molecules. In this example, magnetic 
particles from three different sources are used to separate a 3 kb plasmid vector from a mixture 
of polymerase chain reaction (PGR) oligonucleotide primers. The magnetic particles were 
obtained by the procedure in Example 4 as an example of the porous, magnetic, glass particles of 
the invention, from Roche Diagnostics (mRNA Isolation Kit, catalog No. 1934333, Roche 

20 Diagnostics, Mannheim, Germany), and from Rromega (WIZARD PURE FECTION* Plasmid 
DNA Purification Systems, catalog No, A2150, Ptomega Corp., Madison, WI). 

A solution of nucleic acid molecules was prq>ared containing the phagemid 
pBLUESCRIPT n, which is 2.96 kb (Stratagene GmbH, Heidelberg, Germany) and a set of 
conunercially available oligomeric PGR primers CTIB Mblbiol, Beriin, Germany), which have 

25 nucleotide lengths of 20 nucleotides (20mer), 45 nucleotides (45mer), 56 nucleotides (56mer), 
and 75 nucleotides (75mer), at a concentration of 1 ]Lig of oligomer per 50 ^1. 

Three prq>arations of magnetic particles obtained from Example 4, w^e freed of buffer 
contaminants by magnetic separation, washed two times with water and two times with absolute 
ethanol, and vacuum dried. The particles were then suspended in buffer PB, a solution 

30 containing chaotropic agents. (QIAGEN Inc., Valencia, California, USA, catalog No. 19066) at 
a concentration of 23.5 mg^ml. 100 |il of each suspension of particles were mixed with a 50 \xl 
aliquot of the nucleic acid molecules solution in a 500 |il PGR Eppendorf tube. The particles 
and nucleic acid molecules were then mixed for 1 minute on an IKA Minishaker (IKA, Staufen, 
Germany). The PGR tubes were then placed in a Dynal MPC-P-12 magnetic separator to collect 

35 and separate the magnetic particles from the liquid, and the supernatant liquid was then 
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discarded. n,e particles were then washed by resuspending four times in buffer PE (QIAGEN 
Inc., Valencia. California. USA, catalog No. 19065). 

The washed particles were dried for 15 minutes in a heating block at 37»C to remove 
lesidual ethanol. To etote nucleic acid molecules from the particles. 30 m of elution buffer (10 
nM Tris HCl CTris [hydroxymethyl] amino methane). pH 8.5) were added to theparticles in the 
PCR tubes, and die tubes were then mixed for 1 minute on an IKA Minishaker. The PGR tubes 
were then placed in the magnetic separator, and the particles separated magnetically. 25 mI of 
duate were then pipetted from the tubes. To analyze the yield of nucleic acid molecules. 15 ^1 
samples of the ehiates wet« run on a standarf 2 % TAB (Tris, acetate. EOTA (ethylene diamine 
tetraacetate) agarose gel containingethidium bromide. Table 1 below shows the yields of the 
various nucleic acid molecules purified by the three types of magneric particles. 
Table 1. 



Source of 
particle 


Yield of 
plasmid 
(percent) 


Yield of20nicr 
(percent) 


Yield of 45iner 
(percent) 


Yield of 56ni^ 
(percent) 


Yield of 75iner 
(percent) 


Example 4 


88 


0 


4 


5 


6 


Boehringer 


53 


11 


37 


' 47 


32 


Promega 


80 


0 


23 


33 


38 



Hie yields of nucleic acid molecules in Table 1 clearly show that the porous, magnetic 
glass particles produced by the procedure in Example 4 were more effective in purifying plasnud 
DNA from the smaUer nucleic add molecules than either of the commercially available 
pr^arations of magnetic particles. 

Pxample?. Useof poroas, mapnerir <^lass na^irf^ r ,.„fy ^o^.-, ^ma fi^ ..k... u,^,^ 
niis example demonstrates the use of porous, magnetic, glass particles of this invention 
to purify genomic DNA from human blood cells. 

Porous, magnetic, glass particles were syntiiesized according to tiie procedure in 
Example 4. A protease solution was prepared by dissolving 110 mg of QIAGEN protease 
(QIAGEN mc. Valencia, California, USA. catalog No. 19157) in nuclease free water containing 
0.04 % sodium azide. This protease solution is stable for at least 2 months when stored at 2-8«'C. 
AWl buffer was prepared by mixing 125 ml of absolute ethanol (Huka AG, Buchs. Switzerland) 
wiUi 95 ml of AWl concentrated buffer stock (QIAGEN Inc., Valencia, California. USA 
catalogNo. 19081). AW2 buffer was prepared by mixing 160 ml of absolute ethanol with 66 ml 
of AW2 concentrated buffer stock (QIAGEN Inc., Valencia. California. USA. catalog No. 
19072). Porous, magnetic, glass particles (1 80 mg) were suspended in 1 ml of a chaotropic AL 
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buffer (QIAGEN Inc.. Valencia, California, USA. catalog No. 19075), and the suspension mixed 
with a homogenizer QKA Minishak^) immediately before use. 

The porous, magnetic, glass particles of the invention were employed to isolate genomic 
DNA from blood cells using the following blood spin protocol. 
S 20 ^1 of the protease solution was transferred into the bottom of a microcentrifuge tube 

and mixed with 200 ^il of Buffer AL and with 200 \il of whole human blood in a microcentrifuge 
by pulse-vortexing for 15 seconds to obtain a homogenous mixture (cell extract). 20 ^1 of a 
homogenous susp^ion of magnetic particles in AL buffer were added, followed by pulse- 
vortexing the microfuge tube for 15 seconds. The mixture of magnetic particles and cell extract 

10 was then incubated at 56*^0 for 10 minutes. 250 |il isopropanol were added to the mixture, and 
the microfuge tube was immediately pulse-vortexed for 15 seconds. 

The microfuge tube containing the magnetic particles and cell extract was placed on a 
magnetic separator (Dynal AS, see above) to separate the magnetic particles from the 
supernatant liquid, which was th^ discarded. The particles were washed twice with 500 |il of 

15 Buffer AWl, by resuspending the particles in the buffer and vortexing briefly to thoroughly 
suspend the particles. After each vortexing, the particles were collected using the magnetic 
separator. In the same manner, the particles were then washed twice with 500 pi of Buffer 
AW2. After this set of washes, the final wash buffer was removed, and the tube was allowed to 
set in the magnetic separator for 15 minutes at room temperature to permit the particles to dry 

20 and to remove residual ethanol by volatilization. 

After this drying period, the DNA bound to the magnetic particles was eluted by 
suspending the particles in 100 \xl of Buffer AE (QIAGEN Inc., Valencia, California, USA, 
catalog No. 19077), vort^ng briefly to suspend the particles, and incubating the suspension for 
1 minute at room temperature. The magnetic particles were then collected and separated from 

25 the eluate using the magnetic separator. The supernatant eluate was transferred to another 
microfuge tube. This elution step was repeated. 

The length and purity of the genomic DNA obtained by this procedure was determined 
by running a sample of the eluted DNA on a standard I % TAE agarose gel containing ethidium 
bromide. The yield and purity were assessed by the ratio of the absorbance at 260 nm (A260) to 

30 the absorbance at 280 nm (A280) in a spectrophotometer. Typically, this procedure yielded 4-8 
pg of purified genomic DNA per microfuge tube (200 |nl whole blood) with an average ratio of 
A260/A280 between 1.6 and 1.85. 

Other variations and embodiments of the invention described herein will now be 
35 apparent to those of ordinary skill in the art without departing from the spirit of the invention or 
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the scope of the claims below. All patents, applications, and publications cited in the above 
are incoiporated herein by reference. 
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What is claimed is: 

1. A porous, ferro- or fenimagnetic, glass particle comprising silica glass precipitated or 
adsorbed on iron oxide particles or pigments, wherein the pores of the silica glass particles 
comprise pores having a diamet^ greater than and less than 10 nm. 

2. The porous, ferro- or fenimagnetic, glass particle according to claim 1 having a 
diameter of about S - 25 iim. 

3. The porous, ferro- or ferrimagnetic, glass particle according to claim 1 having a 
diameter of about 6 - IS |im. 

4. The porous, ferro- or fenimagnetic, glass particle according to claim 1 having a 
diameter of about 7-10 \xm. 

5. The porous, ferro- or ferrimagnetic, glass particle according to claim 1 , wherein the total 
BET surface area of the particles is greater than 190 mVg . 

6. The porous, feao- or ferrimagnetic, glass particle according to claim 1, wherein the total 
BET surface area of the particle is in the range of about 190 - 270 mVg. 

7. The porous, feiro- or fenimagnetic, glass particle according to claim 1, wherein the 
cumulative pore area of the pores having a diameter greater than 10 nm is greater than 4 mVg. 

8. The porous, ferro- or ferrimagnetic, glass particle according to claim 1, wherein the 
cumulative pore area of the pores having a diameter greater than 10 nm is in the range of about 4 
-8mVg. 

9. The porous, ferro- or ferrimagnetic, glass particle according to claim 1, wherein the iron 
oxide particle or pigment is ferrite. 

10. The porous, ferro- or ferrimagnetic, glass particle according to claim 1, wherein die iron 
oxide particle or pigment is magnetite. 

1 1 . The porous, ferro- or ferrimagnetic, glass particle according to claim 1 , wherein the iron 
oxide particle or pigment is a mixture of ferrite and magnetite. 
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12. The 



porous, ferro- or ferrimagnetic. glass particle according to claim 1. wherein the 



iron 



15 



oxide particle or pigment is ferrimagnetic magnetite. 

13. The ponrous. ferro- or ferrimagnetic. glass particle according to claim 1, wherein the 
5 particles are about 30 - 50 % by weight SiO^ and about 50 - 70 % by weight FejO*. 

/ 

I 

14. Thepotrous,feiTo-orferrimagneticglassparticleaccordingtoclaim 13, wherein the 
particles are about 35 - 40 % by weight SiO^ and about 55 - 65 % by weight Fe304. 

10 15. Theporrous.feiTo-orferrin«agneticglassparticleaccordingtoclaiml,whereintheiron 
oxide particles or pigments have an average diameter in the range of about 75 - 300 nm. 

16. The porxous. ferro- or ferrimagnetic glass particle according to claim 1. wherein 80 % of 
the iron oxide particles or pigments have a diameter in the range of about 75 - 300 nm. 

17. The porrous, ferro- or ferrimagnetic. glass particle according to claim 1. wherein 90 % 
of the iron oxide particles or pigments have a diameter in the range of about 75 - 300 nm. 

18. A kit for separating, isolating, or detecting a molecule of interest from a mixture 
comprising aporous. ferro- or ferrimagnetic, glass particle according to any one of claims 1-17. 

19. The kit according to claim 18, wherein the molecule of interest is selected from the 
group consisting of nucleic acids, proteins, polypeptides, peptides, carbohydrates. Upids, and 
combinations therectf. 

20. The kit according to claim 19, wherein the molecule of interest is a nucleic add 
molecule. 

21. The kit according to claims 18. 19. or 20 further comprising a chaotropic agent. 

22. n,e kit according to claim 21, wherein the chaotropic agent is selected from the group 
consisting of sodium perchlorate. guanidinium hydrochloride, guanidinium isothiocyanate. 
potasshim iodide, potassimn thiocyanate, sodium chloride, sodium isothiocyanate magnesium 
chloride, sodium iodide, and combinations thereof. 

23. A method of making porous, ferto- or ferrimagnetic. glass particles comprising: 
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a) providing a suspension of feno- or feirimagnetic iron oxide particles, 

b) adding a tetraalkoxysiiane to the suspension of the ferro- or fenimagnetic iron oxide 
paiticles at a pH b^ween 6 and 8, 

c) hydrolyzing the tetraalkoxysiiane and precipitating silica glass on the ferro- or 
ferrimagnetic iron oxide particles by adding a buffer having a pH lower than 6 or 
higher than 8 to the suspension to form feno- or ferrimagnetic, porous glaks particles, 

d) separating the resulting porous, ferro- or ferrimagnetic, glass particles fiom 
suspension 

e) washing the separated porous, ferro- or feirimagnetic, glass particles widi an 
anhydrous alcohol, and 

f) drying the porous, ferro- or ferrimagnetic, glass particles at a temperature below the 
Curie temperature. 

24. The method of making porous, ferro- or fenimagnetic, glass particles according to claim 
15 23, wherein the ferro- or fenimagnetic iron oxide particles are provided in a suspension of 

glycerol or glycol. 

25. The method of making the porous, ferro- or ferrimagnetic, glass particles according to 
claim 23, wherein the iron oxide particles in suspension range in size from about 75 nm to 300 

20 nm. 

26. The method of making porous, ferro- or fenimagnetic, glass particles according to claim 
23, wherein the tetraalkoxysiiane conesponds to the general formula Si(OC||H2iH.i)4, where n is 
l,2.3,4,or5. 

25 

27. The method of making porous, ferro- or ferrimagnetic, glass particles according to claim 
23, wherein the tetraalkoxysiiane is tetraethoxysilane 

28. The method of making ferro- or ferrimagnetic, porous, glass particles according to claim 
30 23, wherein the tetraalkoxysiiane is added to the ferro- or ferrimagnetic iron oxide particles as a 

solution of tetraethoxysilane (30 %) and an aliphatic C1-C4 - alcohol (70 %). 

29. The method of making porous, ferro- or ferrimagnetic, glass particles according to claim 
23, wherein the tetraalkoxysiiane is added to the suspension of the ferro- or ferrimagnetic iron 

35 oxide particles at a pH of about 7. 
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30. The method of making porous, feiro- or fenimagnetic. glass particles according to claim 
23, wherein the tetraalkoxysilane is added to the suspension of the ferro- or fenimagnetic iron 
oxide partictes within about ten nunutes. 



31. The method of making porous, ferro- or femmagnetic, glass particles accoriing to claim 
23, wherein the buffer having a pH lower than 6 is an acetate buffer having a pH of about 5. 

32. The method of making porous, ferro- or fenimagnetic, glass particles accorfing to claim 
23, wherein the buffer having a pH greater than 9 U an ammonia/ammonium salt buffer having a 
pH of about 11. 



33. The method of making porous, ferro- or fenimagnetic. glass particles according to claim 
23, wherein the anhydrous alcohol used to wash the particles is anhydrous ethanol. 

34. The method of making the porous, ferro- or fenimagnetic, glass particles according to 
claim 23, wherein the temperature at which the particles are dried is about 300 °C. 

35. A method of making porous, ferro- or fenimagnetic. glass particles conqyrising: 

a) providing a suspension of feno- or fenimagnetic iron oxide particles in a glycerol 
solution that has a pH of 5 or less or a pH of 9 or greater, 

b) adding a tetraethyoxysilane dropwise with stirring to the suspension of the feiro- or 
fenimagnetic iron oxide particles withm 10 minutes, 

c) aging the mixtare to aUow the feno- or fenimagnetic porous glass particles to 
solidify and stabilize, 

d) separating the resulting porous, feno- or femmagnetic. glass particles from the Uquid 
by applying an external magnetic field. 

e) washing the sqparated porous, fenro- or ferrimagnetic, glass particles with an 
anhydrous alcohol, and 

f) drying the porous, ferro- or ferrimagnetic, glass particles at a temperature between 
about 300 and 500 "C. 



A method of making porous, ferro- or ferrimagnetic. glass particles comprising: 

a) providing a suspension of feno- or ferrimagnetic iron oxide particles in alcohol, 
preferably ethanol, 

b) adding silica nanoparticles to the suspension of the feno- or fenimagnetic iron oxide 
particles at a pH lower than 6, 
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c) aging the inixture by continuous stiiTing, 

d) separating the resulting porous, fenro- or fmimagnetic, glass particles from the 
liquid, 

e) washing the separated porous, fmo- or fenimagnetic, glass paiticles, and 

f) drying the porous, feiro- or ferrimagnetic, glass particles at a temperature at about 

37. A method of making porous, ferro- or ferdmagnetic, g^ass particles comprising: 

a) providing a suspension of ferro- or ferdmagnetic iron oxide particles in paraffin oil 

b) adding an aquaeous sodium silicate solution, preferably 27% Si02 in water, to the 
suspension of the ferro- or ferrimagnetic iron oxide particles at a pH lower than 6, 

c) aging the mixture by continuous stirring, 

d) separating the resulting porous, ferro- or ferrimagnetic, glass particles from the 
liquid, 

e) washing the separated porous, ferro- or ferrimagnetic, glass particles, and 

0 drying the porous, ferro- or ferrimagnetic, glass particles at a temperature at about 
200^C. 

38. A method of isolating a molecule of interest from a mixture, comprising: 
providing a mixture c(»itaining a molecule of interest; 

contacting the mixture with a porous, ferro- or ferrimagnetic, glass particle of any one of 
claims 1-17; 

allowing the molecule of interest in the mixture to adhere to the porous, ferro- or 
ferrimagnetic, glass particles; 

collecting the porous, ferro- or ferrimagnetic, glass particles containing the adherent 
molecule of interest by applying an external magnetic field; and 
removing the porous, ferro- or ferrimagnetic, glass particles with the adherent molecule 
of interest from the unbound components of thp mixture. 

39. The method of isolating a molecule of interest from a mixture according to claim 38, 
fturther comprising the step of eluting the adherent molecule of interest from the porous, ferro- or 
ferrimagnetic, glass particles. 

40. The method of isolating a molecule of interest from a mixture according to claim 38 or 
claim 39, wherein the molecule of interest is selected from the group consisting of nucleic acids, 
proteins, polypeptides, peptides, carbohydrates, lipids, and combinations thereof. 
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4L The method of isolating a molecule of interest from a nuxture according to claim 40, 
wherein the molecule of interest is a nucleic acid molecule. 

42. The method of isolating a nucleic acid according to claim 41, wherein the nucleic acid is 
selected from the group consisting of plasmid DNA, genomic DNA, cDNA, PGR DNA. linear 
DNA, RNA, ribo2ymes, aptamers, and chemically synthesized nucleic acids. 
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